
•

4 6 8 10 12 14 16 18

POSITION(m)

............... . . ~I····························· ·········.,······················1

~
Llr...'.• U,
I: ...
.: ...:.; o.
~ ~
i.l. ... ··.1 ......& .. -

I

i

~o
<y

o
E;1 0I, if·.

r;D! 0,9.

()\

I ,

0

5

10- 0
CD jt:? Q

.'"0- 15z
0-l-
I

<
::J
Z
LU
I-
~
<:

30

35

40
a 2

SRR3A
ATTENUATION

-?-900 MHz
... 0 ..··11.4 GHZ
·-a··28.8 GHz

Figure A-47. Penetration loss for storeroom path SRR3A.

A-47



j

II
• I
l,

a

5

10-co
-0-- 15z
0-.-

20«
::::>z
UJ 25
~«

30

35

40
0 2 4 6 8 10 12 14 16 18

POSITION(m)

A-48

Figure A-48. Penetration loss for storeroom path SRR3B.

I,

I
, I
. I

I

h
j

I
III
,~

~
I
I

SRR38
ATTENUATION

~900 MHz
"'0···11.4 GHZ
'-0··28.8 GHz



pi

0

5

10-co
'"0- 15z
0-I-

20<:::>
zw 25
~
4:

30

35

40
a 2 4 6 8 10 12 14 16 18

POSITION(m)

SRR4A
ATTENUATION

-+-900 MHz
...0····11.4 GHZ
'-0··28.8 GHz

Figure A-49. Penetration loss for storeroom path SRR4A.

A-49



a

5

10-.
CD
-0- 15z

'; 0
:; j -
;~! f-

20<t
.,J! :::>

'qll' Zll"

W 25,,~.

~"r!i
'\11I;" «:;~"1
,,,,

30, !

I !
i

35

SRR48
ATTENUATION

~900 MHz
...0 .... 11.4 GHZ
'-0··28.8 GHz

18166 8 10 12 14

POSITION(m)

42
40

a

Figure A-50. Penetration loss for storeroom path SRR4B.

A-50



0

5

10-co
"0- 15z
0-J-

20«
~z
w 25
~«

30

35

40
a 2 4

I· : ·.. :0 ·· ·

6 8 10 12 14 16 18

POSITION(m)

SRR5A
ATTENUATION

~900 MHz
... 0 ..··11.4 GHZ
'-0··28.8 GHz

Figure A-51. Penetration loss for storeroom path SRR5A.

A-51



·I
i

87

o 0,

6

-+-900 MHz
.. ·0..·· 11.4 GHZ
·-0··28.8 GHz

345

POSITION(m)

<)

o

2

SRR58
ATTENUATION

0

5

10-(l)
"'0-- 15z
0-r-

204:
:J
Zw 25t:
~

30

35

40
a 1

1
1

1
I

Figure A-52. Penetration loss for storeroom path SRR5B.

1
.1'.

A-52



••

0 0
0

b 0

5

10-en
.-0- 15z
0-t-

20~
~

Z
w 25

~
30

35

40
0 2 468

POSITION(m)

10 12

SRR6A
ATTENUATION

~900 MHz
...0····11.4 GHZ
'-0··28.8 GHz

Figure A-53. Penetration loss for storeroom path SRR6A.

A-53



H;································~······ .. ·- "··..· · · '1 ..

o
Q

o.. ","--"

0
000

5

10....-
en
''0.....-

15z
0-i-

20:§-
zw 25

~
30

35

40
a 2 468

POSITION(m)

10 12

•

SRR68
ATTENUATION

-+-900 MHz
...0 .... 11.4 GHZ
·-0··28.8 GHz

Figure A-54. Penetration loss for storeroom path SRR6B.

A-54



c

"' , : : ·······t···························.·······

······························t······················· j .

1210468

POSITION(m)

... ~ ~ .

0
9

5 00
o :'

d 0

10
b\

... '- .................-CD
:g..

15z
0-r-

20«
~z
w 25

~
30 ..................

35 .................. .......

40
0 2

SRR7A
ATTENUATION

~900 MHz
...0··.. 11.4 GHZ
·-0··28.8 GHz

Figure A-55. Penetration loss for storeroom path SRR7A.

A-55



...

o 0... coo·;
o _q

d 0

b

9. r'I ~.
;. ~ 00

.,a ~\ ... 0
g~~ 0 0; •

.····d·~f1q·; - .; ···8······..·····.. ··· .. ··· ..·..~· ... ··... o....... ..... ..... ...

ti tl\ir 0 r;Ro.~'/\ a. RQ i~ :~ 9
.; . \ : no.~,:, .. I .'l. : 'I" ...
t, ., .; : '"" ." I : C .. t"l;'\ :
~~·6:1· ;' ..\ .~.•\i!¢...QCr)d.. ...

1.:. ~ a· ~ ~ ~ .. ~
0:; I g'"
6 i .~!;: a·

35

0

5

10.-
CD
.~

15z
0-I-

20«
::::>
z
w 25

~
30

40
a 2 468

POSITION(m)

10 12

SRR78
ATTENUATION

-+-900 MHz
...0····11.4 GHZ
'-0··28.8 GHz

Figure A-56. Penetration loss for storeroom path SRR7B.

A-56



! !

4

0

5

10-CD
'"'0- 15z
0-J-

20«
:::J
Zw 25f:«

30

35

40
0 2 4 6 8 10 12 14 16 18

POSITION(m)

SRR8A
ATTENUATION

~900 MHz
...0····11.4 GHZ
·-0··28.8 GHz

Figure A-57. Penetration loss for storeroom path SRR8A.

A-57



0

5

10-co
''''0- 15z
0-~

20«
:>
zw 25

~
30

35

------------------------."'t"'

.......c..••••••.•.•••.•••••• c••..•••.•••.••.••.••.• : •••• t · ~l <o;..... \+ .. ·.. ····· .. ·.. ··.··.··· 1

40
a 2 4 6 8 10 12 14

POSITION(m)

16 18

SRR88
ATTENUATION

-+-900 MHz
...0····11.4 GHZ
'-0··28.8 GHz

Figure A-58. Penetration loss for storeroom path SRR8B.

A-58



..
FORM NTlA-29 US. DEPARTMENT OF COMMERCE
14-80) NAT'L TELECOMMUNICATIONS AND INFORMATION ADMINISTRATION

BIBLIOGRAPHIC DATA SHEET

I

I 1. PUBLICATION NO. 12. GOy't Accession No. , 3. Recipient's AcceSSion No.
\

I

94-306 I I
i

i 4 TITLE AND SUBTITLE I 5 Publication Date

Building Penetration and Loss Measurements at I May 1994
900 MHz. 11.4 GHz. and 28.8 GHz. \ 6

Performing Organization Code

i NTTA/ITS
I 7 AUTHOR(S) I 9 ProjecVTask/Work Unrt No.

i I
I

8 PERFORMING ORGANIZATION NAME AND ADDRESS!
!National Telecommunications and Information Administratioh
\Institute for Telecommunication Sciences 10. ContracvGrant No.

1325 Broadway
iBoulder CO R0101

11 Sponsoring Organrzatlon Name and Address 12. Type of Report and Period Coyered

National Telecommunications & Information Administration 1I

•Institute for Telecommunication Sciences I
325 Broadway ! 13.

!Boulder. CO. 80303-3328 i
l 14 SUPPLEMENTARY NOTES

i
i

\

15. ABSTRACT (A 200-word or less lactual summary 01 most Significant Informal/on. If document Includes a Significant bibliography or literature
survey. mention ,t here. I

I The feasibility of using radio frequencies in the super high frequency (SHF) band (3-30 GHz)
I for Personal Communications Services (PCS) in buildings depends on the multipath within theI
I

structure and the amount of attenuation experienced by the electromagnetic waves passing through
1

i the structures. This study measured these effects to obtain a quantitative estimate cif the
i attenuation magnitude. This magnitude can then be used for link margin analysis to determineI!
i if personal communications at SHF is practical.
i
,

!
,

I

,

I
I
I

16 Key Words (AlphabeClcal order. separated by semicolons)

!
!

i Building attenuation; Measurements; Penetration attenuation; Personal communications; PCS.
i

!

I
i 17 AVAILABILITY STATEMENT 18. Security Class. I This report) 20. Number of pages

~ UNLIMITED.
101

J 19. Security Class. (ThiS pagel 21. Pnce:

I 0 FOR OFFICIAL DISTRIBUTION I
I

I,
II I



tf)""',.".
~I ~b f"i i:;, ...... .
~ /7"" """M1'tA..Ry>ort 95-325

~. it ij[ 2"3 1.''9)
i'~:-'''''\

>"";'oJ ,. I.,
~ Ftc,.." ,

Building Penetration Measurements
From Low-height Base Stations

At 912, 1920, and 5990 MHz

Lynette H. Loew
Yeh La

Michael G. Laflin
Elizabeth E. Pol

u.s. DEPARTMENT OF COMMERCE
Ronald H. Brown, Secretary

Larry Irving, Assistant Secretary
for Communications and Information

September 1995



--------------------
PRODUCT DISCLAIMER

Certain commercial companies, equipment, instruments, and materials are identified in this paper
to specify adequately the technical aspects of the reported results. In no case does such
identification imply recommendation or endorsement by the National Telecommunications and
Information Administration, nor does it imply that the material or equipment identified is
necessarily the best available for the purpose.

III



CONTENTS

Page

PRODUCT DISCLAIMER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. vii

TABLES xiii

GLOSSARY OF 1'ERMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1

1. INrRODUCTION 1

2. MEASUREMENT SYSTEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2
2.1 Equipment Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2

2.1.1 Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3
2.1.2 Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5

2.2 Calibration and Measurement Procedure . . . . . . . . . . . . . . . . . . . . . . . . . .. 7
2.3 Data Format 7

3.MEASUREMENTLOCATlONS 8
3.1 Residential Building Information .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8
3.2 High-rise Building Information 15

4. DATA ANALYSIS 20
4.1 Path Loss Calculations . . . . . . . . . . . . . . . . . . . . 21

4.1.1 Breakpoint........................................ 21
4.1.2 Difference in Received Signal Strength . . . . . . . . . . . . . . . . . . . . 24

4.2 Penetration Loss Calculations 25
4.2.1 Penetration Loss into Basements 28
4.2.2 Effects of Building Materials. . . . . . . . . . . . . . . . . . . . . . . . . .. 29
4.2.3 Effects of Multistory Buildings 31
4.2.4 Effects of Building Shadowing 35

4.3 Slow Fading Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36
4.4 Fast Fading Analysis 37
4.5 Correlation Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5. SUMMARY AND CONCLUSIONS 43

v



CONTENTS (cont'd)

Page

6. ACKNOWLEDGMENTS • • • • • .. .. .. • .. • • • • .. • • • • • • • • • • • • • .. .. • • • • • • .. II • .. .. .. 46

j

I

J

7. REFERENCES 47

8. BIBUOORAPHY 50

APPENDIX A: MEAN PAm LOSSES AND BUILDING LAYOUTS
FOR RESIDENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

APPENDIX B: MEAN PAm LOSSES FOR HIGH-RISE BUILDINGS 71

APPENDIX C: PAm LOSS DISTRiBUTIONS 77

APPENDIX D: BUILDING PENE1RATION LOSS DATA 103

VI



FIGURES

Page

Figure 1. Photograph of van used to transport transmitter equipment . . . . . . . . . . . . . .. 3

Figure 2. Block diagram of transmitter equipment 4

Figure 3. Photograph of receiver system 5

Figure 4. Block diagram of receiver equipment 6

Figure 5. Diagram of residence-l neighborhood .. . . . . . . . . . . . . . . . . . . . . . . . . . .. 8

Figure 6. Diagram of residence-2 neighborhood .. . . . . . . . . . . . . . . . . . . . . . . . . . .. 9

Figure 7. Diagram of residence-3 neighborhood .' . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Figure 8. Diagram of residence-4 neighborhood . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Figure 9. Diagram of residence-5 neighborhood . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Figure 10. Diagram of residence-6 neighborhood 13

Figure 11. Diagram of residence-7 neighborhood 14

Figure 12. Area studied in Denver, Colorado . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Figure 13. Photograph of high rise 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Figure 14. Photograph of high rise 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Figure 15. Photograph of high rise 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Figure 16. Photograph of high rise 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Figure 17. Characteristics of narrowband fading . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Figure 18. Path loss versus distance at 912 MHz 22

Figure 19. Path loss versus distance at 1920 MHz 22

Figure 20. Path loss versus distance at 5990 MHz 23

vii

,



.
I
1

I
FIGURES (cont'd)

Page

Figure 21. Cumulative probability distribution functions for NLOS residential
penetration loss 27

Figure 22. Cumulative probability density functions for NLOS high rise
penetration loss 28

Figure 23. Mean NLOS residential penetration losses 30

Figure 24. Standard deviations for NLOS residential penetration losses . . . . . . . . . . . . 30

Figure 25. Mean NLOS building penetration losses for high rise 1 .. . . . . . . . . . . . .. 31

Figure 26. Mean NLOS building penetration losses for high rise 2 . . . . . . . . . . . . . . . 32

Figure 27. Mean NLOS building penetration losses for high rise 3 . . . . . . . . . . . . . . . 32

Figure 28. Mean NLOS building penetration losses for high rise 4 . . . . . . . . . . . . . . . 33

Figure 29. Mean NLOS high rise penetration loss at 912 MHz . . . . . . . . . . . . . . . . . . 33

Figure 30. Mean NLOS high rise penetration loss at 1920 MHz . . . . . . . . . . . . . . . . . 34

Figure 31. Mean NLOS high rise penetration loss at 5990 MHz . . . . . . . . . . . . . . . . . 34

Figure 32. Example of raw data showing fast fading . . . . . . . . . . . . . . . . . . . . . . . . . 37

Figure 33. Cumulative probability functions for residential fast fading 39

Figure 34. Cumulative probability distributions for high rise fast fading 39

Figure 35. Comparison between 912 and 1920 MHz mean NLOS residential
penetration losses . . . . . . . . . . . . 40

Figure 36. Comparison between 1920 and 5990 MHz mean NLOS residential
penetration losses ," . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Figure 37. Comparison between 912 and 5990 MHz mean NLOS residential
penetration losses 41

viii



FIGURES (cont'd)

Page

Figure 38. Comparison between 912 and 1920 MHz mean NLOS high rise
penetration losses 41

Figure 39. Comparison between 1920 and 5990 MHz mean NLOS high rise
penetration losses 42

Figure 40. Comparison between 912 and 5990 MHz mean NLOS high rise
penetration losses 42

Figure A-I. Residence-l layout: median LOS path losses (dB) per room;
standard deviations are indicated in parentheses 52

Figure A-2. Residence-l layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 53

Figure A-3. Residence-2Iayout: and median LOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 54

Figure A-4. Residence-2 layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 55

Figure A-5. Residence-3 layout: median LOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . .. 56

Figure A-6. Residence-3 layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 57

Figure A-7. Residence-4 layout: median LOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 58

Figure A-8. Residence-4 layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 59

Figure A-9. Residence-5 layout: median LOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 60

Figure A-W. Residence-5 layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 61

ix



-----------------------------.
FIGURES (cont'd)

Page

Figure A-II. Residence-6 layout: median LOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 62

Figure A-12. Residence-6 layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 63

Figure A-l3. Residence-7 layout: median LOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 64

Figure A-14. Residence-7 layout: median NLOS path losses (dB) per room; standard
deviations are indicated in parentheses . . . . . . . . . . . . . . . . . . . . . . . . . 65

Figure C-l. Path loss distribution for residence I, LOS . . . . . . . . . . . . . . . . . . . . . . 77

Figure C-2. Path loss distribution for residence I, NLOS . . . . . . . . . . . . . . . . . . . . . 78

Figure C-3. Path loss distribution for residence 2, LOS. . . . . . . . . . . . . . . . . . . . . .. 79

Figure C-4. Path loss distribution for residence 2, NLOS . . . . . . . . . . . . . . . . . . . . . 80

Figure C-5. Path loss distribution for residence 3, LOS. . . . . . . . . . . . . . . . . . . . . . 81

Figure C-6. Path loss distribution for residence 3, NLOS 82

Figure C-7. Path loss distribution for residence 5, LOS . . . . . . . . . . . . . . . . . . . . . . 83

Figure C-8. Path loss distribution for residence 5, NLOS '.................... 84

Figure C-9. Path loss distribution for residence 7, LOS . . . . . . . . . . . . . . . . . . . . . . 85

Figure C-lO. Path loss distribution for residence 7, NLOS 86

Figure C-ll. Path loss distribution for high rise I, floor 1, LOS 87

Figure C-12. Path loss distribution for high rise 1, floor I, NLOS 88

Figure C-l3. Path loss distribution for high rise I, floor 9, LOS 89

Figure C-14. Path loss distribution for high rise I, floor 9, NLOS

x

90



FIGURES (cont'd)

Page

Figure C-15. Path loss distribution for high rise 2, floor 1, LOS 91

Figure C-16. Path loss distribution for high rise 2, floor 1, NLOS 92

Figure C-17. Path loss distribution for high rise 2, floor II, LOS 93

Figure C-18. Path loss distribution for high rise 2, floor 11, NLOS 94

Figure C-19. Path loss distribution for high rise 3, floor I, LOS 95

Figure C-20. Path loss distribution for high rise 3, floor 1, NLOS 96

Figure C-21. Path loss distribution for high rise 3, floor 11, LOS 97

Figure C-22. Path loss distribution for high rise 3, floor 11, NLOS 98

Figure C-23. Path loss distribution for high rise 4, floor 3, LOS 99

Figure C-24. Path loss distribution for high rise 4, floor 3, NLOS 100

Figure C-25. Path loss distribution for high rise 4, floor 15, LOS 101

Figure C-26. Path loss distribution for high rise 4, floor 15, NLOS 102

xi

,



TABLES

Page

Table 1. Expected Breakpoint Radii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Table 2. Received Signal Strength Differences Between Frequencies . . . . . . . . . . . .. 25

Table 3. Mean NLOS Penetration Losses .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Table 4. Mean Penetration Losses for Both Transmission Paths 26

Table 5. Differences Between Mean Ground Floor and Mean Basement
LOS Penetration Loss ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Table 6. Slope and First Floor Intercept of "Least Squares" Line Fit
to Mean Floor Penetration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Table 7. Building Shadowing Losses .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35

Table 8. Standard Deviation of LOS Data about the Path Loss Slope. . . . . . . . . . . . . 36

Table 9. Correlation Coefficients of Linear Regression Between Frequencies 38

Table A-I. Mean Path Losses for Each Residence 66

Table A-2. Mean Path Losses for All Residences , 68

Table A-3. Mean LOS Floor Path Loss for Residences . . . . . 69

Table B-1. Mean Path Losses by Hoar for High Rise 1

Table" B-2. Mean Path Losses by Floor for High Rise 2

Table B-3. Mean Path Losses by Hoor for High Rise 3

Table B-4. Mean Path Losses by Floor for High Rise 4

71

72

73

74

Table B-5. Mean Path Losses for Each High-rise Building 75

Table B-6. Mean Path Losses for All High-rise Buildings 76

xiii



TABLES (cont'd)

Page

Table 0-1. Mean LOS Penetration Losses for Each Residence . . . . . . . . . . . . . . . . . 103

Table 0-2. Mean NLOS Penetration Losses for Each Residence. . . . . . . . . . . . . . . . 104

Table 0-3. Mean Penetration Losses for All Residences 105

Table 0-4. Mean LOS Penetration Losses per Floor for Each Residence. . . . . . . . . . 106

Table 0-5. Mean Penetration Losses for Each High Rise . . . . . . . . . . . . . . . . . . . . . 107

Table D-6. Mean Penetration Losses for All High-rise Buildings 108

XlV

-



II
................._---

GLOSSARY OF TERMS

The following terms are described in order to avoid confusion and make clear the procedures
employed during the gathering and analysis of the data presented in this report. They are not
necessarily identical to the complete, rigorous or mathematical definitions of the terms.

building penetration loss
The ratio in median signal strength between the measurement obtained inside the building and
the reference signal level measured outside the building at street level. This interpretation of
building penetration is similar to that given by the International Telecommunication Union
Radiocommunications (ITU-R), formerly CCIR [1].

high-rise building
A multistory office building in an urban environment.

line-of-sight transmission path
A straight line path between the transmitter and building under test which is not obstructed by
any buildings.

median value
The median value of the path loss measurements in one area, such as one room within a building
or one comer of a high-rise building.

mean value
The average value of the medians calculated for all rooms in a residence and all corners for each
level of a high-rise building.

non-line-of-sight transmission path
A straight line path between the transmitter and building under test that is obstructed by at least
one building.

path loss
Attenuation undergone by an electromagnetic wave in transit between a transmitter and receiver.
In this report, path loss refers to the median loss experienced, calculated from the received
signal level.

reference signal level
The median of the line-of-sight field intensity measured at street level outside the wall of the
building under test closest to the transmitter. If the transmitter is nearest to a comer of the
building under test, we use the average value of the measurement of the two walls that make up
that corner.

residential building
A single family house in a suburban area.
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